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" INTRODUCTION

The Voyager Flight Capsule (¥/C), designed 'te soft lam?. & .
‘sterile instrument package on the I{ar dan surfece, will 'be en~
closed in a Bio-Barrier (B/B) to prevent contamination befoze
launch and in transit to Mars. Due to weight 1im:’;'ta‘biezzé, the
B/B cannot be made impregnable to meteoroids. Ié; is &lso m~
‘ practical to sterilize the entire vehicle (flight spacecraft and
F/C). Therefore, it is reasens;ble to assume "i:hzﬁ some concentra-
"tion of Earth-—originated visble orga.nisms (v/0) w:!_l}_ exist in the .
.B/B“s external environment. The purpose of this report is to ex-
amine the probability that one of these ¥/0s will enter the B/3

fhrough 2 meteoroid hole, pro&ucing a contaminated ?/’G.

The analytical approach used is a two-step procoss. Firsty
the physicai damage to the B/B (end an associated themmal barrier)
is assessed using a NASA-MSC meteoroid impé,ct model. Séooﬁd, the
V/O concentratlon outslde the B/B necessary to give & c;o*a*ta,mir*.fam

: tion probability of 10 (N&SA«estabhched) is c‘ie’ce wined.

Two V/0 forms were considered in preliminary c:lculationss
1) large particle or dust forms where the V/D ere vnaffected by
conceivable external gas clouds; end 2) a form smnll enough thet

the V/0s behave like gas molecules in an external gns clond. The



latter fof@ was inves%igatéd and Tejeéted as a‘éontaminaticn threa% l
for two prisary reasons. First, a 7/0 will have & mass orders of
| magnitude larger then & gas molecule. Theref;r@, & tenuous extefé
nal gas cloud would not be able %o sﬁspenﬁ 8 ?/6 and give ii Buse
tained mobility. Second» no eredible evidence vas found that im=
dicated that a significant external a8 cloud wnulﬁ accumnlat@.

"~ The molecules' thermal velocities and mesn fr@e~pa%hs dictate that
the ga8 dansity outside the spacecraft wiil be extremely clese %o

the interplanetary ges density.

The calculationé, therefore, are ﬁased on dus%«lik@ or.duétn
borne V/Os Being depusited on the ﬁeteor@id«perforaied'vehicl@ BuP-
face. The results are given in terms of the extermﬁl ?/b,depasit&A
'thaé would be required fo give the specifﬁe& gdntaminatian proba;

bility.

, Finally, tha probablllty of finding these V/ﬁ deposit levels
is assessed in terms of the likely number of ¥/02 that might b@
freed from the vehicle and redeposited on its surfzce. This esses-
ment gives & meagure of the Qéal probébility of coﬁtamination from

this sourcs.



INTTIAL ASSUMPTIONS

' The treatment of this problem requires a set of initisl as-

sumptionss

1)

2)

3)

%)
5)

The F/C is sterile (no V/0 inside tke B/B) vhen ths Pay-
lcad leaves ithe Barth's atmospheres
The B/B is intact (no holes through which a V/0 cen

enter) vhen the paylca& leaves the Emrih's atmosphere;

. A meteoroid impact sterilizes the inipgct arega and; thersg-

fore, no ¥/0s will be carried inside the B/B by & pene-

tratihg meteomi&g ’

. One V/0 inside the B/B ovroduces a contaminated F/Cy

The probability thet one V/0 will enter the B/B during

a 200-day trip to Mars must be less than 13"2‘;

o



BARRTER CONFIGURATICH

Figure 1 iliustrgtes the B/B configuration ﬁsg& for the cale
culations in this report. Note. that the B/B (0.020-inch sluminum) ',
is encl_oséd in a thermal -vbarrier' (‘I‘/B) consisting of eight leyess
of 0.0005-inch alti.mini}zed mylar gpacefi oneg~=eighth iﬁ@h apart. %The
T/B, as will be shown, offers a significant amount of protection

against V/O penetration of the _B/B;o



e ' Thermal Barrier
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Figure 1, Barrier Configuration



 METEOROTD PERETRATION CF THE THENMAL AND BIO-BARRTER

Two _me’i:eeroidr environment and ‘penetrationmsﬂela are availe
la’ble, one from NASA-MSC end the oiher from J;QDL. 4- These are de-
scmbed in the memorandum aiteched at %he end of this report. Al-
though the memorendum describes multimi&yer 3/3 ,pene’sm‘tiemg pea
vious analyses have showvm that little diﬁ‘erenc@ is found be‘&wwﬁ

the results when the two nodels axe applied to &z*ingle»layer B/Bﬁe

Using the B/B gpecifications given in the pwevious section

and the FASA-MSC model, the following results wexe obtained for a

200-day Esrth-Mars missicm. o . _______..“w~_ -

- Total aree lost to punﬁmres ) 4 = 0,512 1n?
Threshold (area of smallest holeQ) . O&@&”*%ii in®
Average hele ares = 0.0022 imz
Total number of hoies : sz,‘ 235‘

. These results do not inr.élude the impact sttenuation effect of ths

thermal barriex.
Figure 2 slm:ms:.9 qualitatively, four types off i&paet &mg'a

produced by meteoroids impacting perp@n&iculs,r to the combined

barriers, Types 1 and 2 do not pena'tmt@ the B/E. Type 3




 represents & threshold penetration, vhile type & is a full éene—.
tration. The total area lost to punctui-es is the sum of 'i’:hé gxYeas
- of the penetrating holes taken at the smallest cross-sectionnl

areé, in each hole.



(3)

o

o

¥o B/B penetratiom
Fo B/B Qeﬁetration
Threshold B/B penetration

Full B/B penetration

. Figure 2, Qualitative Perpendicular-Impacting
) Meteoroid Penetrations '



LARGE PARTICLE V/O CONTAMINATION PROBABILITY

This study treats each V/O 88 & large particle that is une

affected by gaseous diffusion principles. Four assumpiions, in’

addition to those given previously, are used in the calcuia‘%;icnsa, :

1)

5

"

The V/0 are deposited uniformly on the extermal vehicle
surface during the mission. In terms of the notation

used in this report, if L is the totel burden {(numbexr

of V/O particles) deposited per square foot in 200 days,

then 5%3 T/0 are deposited per sguare foot ver dayy

The area lost to punctures is a linear function of %ime.

If 0.512/164 = 3.56 x 107 square foob of the B/B is

. - - - - i
- penetrated in 200 days, then 3.56 x 10 3 = 1.78 = 10 7

200

D%

sQﬁa.re feet are losi per days
4 v/0 impacting on any of the T/B lmyers or the B/B exe

terior will stick to ’che suffa.ce gnd will not enter a

. B/B holes .

Where emall probabilities are found, as they ere in this

report; the total contemination probability, Pgﬁ is %the

-sum of the contamination probabilities for the indivi-

dual -erriving V/0s.

Using these assumptionsand 7 in days,



10
Py = j '(ngmber .oi{‘.'?_/D deposited on total T/B surface
| "0 ser day) x (probability that ome of these v/0
will enter an ocuter T/3 hole leading %@
hole in the B/B) z (probability thet & V/O A
i1l travel through the series of holes dn
the T/8 snd B/B and contaninate ) 3

LT

If A is the total externsl ares of the /B, then rewriting the
above .equaticn gives, ' ' ' ‘

200 - -5 o B
L by }wE x 10
Pe = j (2004 gaoa 'y %é%? 6T o

The second term in the integral assumes that the holles in the .'
outer T/B‘ layer have the same arcas as the holes in the B/B. The

third term, PP’ wiil be referred to as the probability of penetrae
tion.

B

Agsuming L, A, and P? are genst&nts, {ﬁe indlicga%e& integra-

* tion _yialﬁa

P = L8 10718, .
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Using Pq - 10"% as specified,

‘ LP.PB 5»6315'“2 a.‘.' (1)

This staﬁes that the V/O deposit, L; required o prodﬁce the givan‘
Pys is inversely proportional to Pp, the probahility that a V/0
will contaminate the F/C after entering an appropriste haie in $the

outer layer of the T/8.

The'fclluwing cases determine PP using a sexies of assump¥

_ %ions and give the corresponding values for L; R a

Caée 1

l) 233 hoiés,,ééch_of area = 0,0dzz.inz &re.creatéd dgring"
the missiong ‘ | ‘
é)' The‘penetrating'meteoroids impact perpendicﬁlar fo fhe
T/5; ' |
3’ The holes.in the outer'T/Bllayer corresponéing o the
AB/B holes also 5§ve area = 0.0022 02,
4 v/0, enteriné an outer T/B holg,'méy be headed in eny direction
'ipside that leyer. Since ﬁhe B/B ﬁoie is one inaﬁ from the outer

I&yer,'solid angle consideraticns dictate that thie V}b has




12

L,
P, = 9&%%&%- - 3.5z 107%
2T (1)

_ or a probability of 3.5 x 107 of entering the B/3. Applying this

P, to Bquation (1) gives
' L 5.6 x- g,f;)
’ 365 z 1@
- 160 ‘v/o per £1% in 200 dayse
Cese 2 |

 Assumes’ ‘
1)  Same B/'B holes and outer T/B holes as Case 13
2) The penetrating me'teoroids mpact at mmééom a.ngles wi‘%h

respec‘t to the T/B surface nozmal

Tﬁe aecc;nd assumﬁtion gives longei aveéagg path lengths
through the T/B as shown in Fig-u:;e 3. Figure L @,;;;ivea the length
of the tunnel ‘thr'ough the T/B for obliéue iﬁzp&.c.t& vhere @ is ‘chv@'.-
angle between the meteoroid path and the T/B sufi‘mc:é pormal. Since
all valﬁes, of & have equal probability of occurremce, sn everage
N p.ath length can be determined for impacts betwveen 8 = Oé a.nd @ w .?;’09.‘.'
This disrege;rds impa,s';:ts in the 70°-90° range vwhers mgte&mid breé&mp

' "-.;%pﬁ.cr to B/B contact is likely. This also producas a conservative

(=3



- \\5 ~ “\\.gﬂ; *\\.%;\ g\‘~L5\Q' 'j” 1‘ S
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Figure 3, Obligue Penetrating Tmpact

13 ‘..»
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Figure 4, Path Length Through T/B for Oblique Impacts
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average path length of 1.5 inches through ‘the T/Ba The 709-90° im-

pacting meteoroids are still included. in thev imoact'figuresg 'bir%,

thelr disproportlonate veighting of the average pauh leng%;h is na%

:mcludede Using 1.5 inches i‘or the path length from the T/B e

' trance to the 0,0022 in® B/B hole gives ' ' )

C_0.0022 ig®

Pp = 2
297 (1.5)

w lab 221@4* .

end from Equation (1),

L - 5.6 % lﬁfi
1.6 x 107

350 V/0 per 712

Addi‘tionally, the average angle between the plé.ne of the B/B
hole and the T/B tunnel is 45°. Therefore, the effective B/B hole
area is reduced to 0.707 times its measured area vhem viewed

through the T/B tunnel. This gives.

o _ (0.0022) (0.707) in°
27 (1.5)% in°

.. ol
e 1ol x 10
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L B.6x 107
1.1 x w‘f‘gf"

= 510 V/0 per £t°

At larger values of @, & com‘ainat-ion of the crater and its b;?a .
pervelocﬁy 1ip may shield the B/B hole entirely from the @ssocie -
ated T/B tunnel, BHowever, a.n;y quantitative treatuent of this @f«-
f‘ect would be speculative at this time due to the inexactness ef

hypervelocity cratering theory.

Case 3

‘Th_i‘ss 'qaée xincérporétes é/B ixﬁpéc’t é%e;métim effects into
the Case 2 results. The first two cases assumed that the B/B pene-
’cra,tlon arez was not reduced by 'che T/B. Bowever, ‘%.he eight O. 0005«»
“inch mylar laygrs in the T/B_ give an additional Qaa}i)é«-mch' lg.yer of
| protection to ‘the B/B. The reference given helow states that more .
: than twice as mch ‘protection agamst penetra,tion iB afi"orde& ‘@y 8.
spaced»layer ghield compared to the same mass of u= i‘.@rial in one
layer. As an approximation, then, the mylar 1a.yem are cquivalemﬁ

to an edditional 0.010-inch of aluminum in the B/B. giving an ei‘fec«
-tive thickness of (.030 inch. Data obtamed for Qﬁ.ﬁ)o-»inch alumixmm

NASA SP-78, The Meteoroid Environment and Tts Effets on Materials
and Eguipment, W. A. Cosby and R. G. Lyle, 1965, '
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“using the.' KNASA-MSC méteoroia model -'i#dica’ce that_ thé 0‘630‘ barrier
will lose only 0.45 of the area lost by the 0.020 barrier. This
reduces the probability that aA 7/0 will enter an oa.z"cez"T/Ilé.:hole |
leading to a hole in the B/B to 0.45 times fhe'-previously agsumed

value. Using this factor in the original? eqguation yields

S S
Pc = 8.0 x10 LPF

and Equation (1) becomes

.I.‘PP - 0.125 , - e

Using Pp = 1.1 x 107 from Case 2,

L « 1140 V/0 per £8% .
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Case L

The first three cases assume& that the holes in the ou‘ker
T/B la,yer have the same area as the B/B penetration holeso Ew'-
ever, analysis oi‘ the NASA-MSC meteoroid model mdi¢a.‘tee that an
_ 'e:vgrage B/B-penetmﬁing meteoroid will have a dime“mi' of gppro;xﬁ,o-
‘ma{:el'yv 0.006 inch. This gives & T/B layer thickn@ss/paéﬁicl@_ diae
.4-meter ratio of 0.083 end the T/B layer penet:at;em fa,ll‘ into e
thin-:-ple,te- pgnetration regime discussed in the féf@rence ‘given in
Case 3. This reference s%at'es that, under these aonditioné, "th;&
hole area is approiimately the same. as the projéc‘éile px‘css«-sectian
' area. !l‘he:mfc,nre3 the average B/B-penetra‘klng mem@mi& will pra-

4 duce a hole h&ving ares equal to
7:? - ngm)@
e 32207042,

In addltion, the B/B crater material ejected back in & cone
along the impact.path will be trapped by the in‘te«fvening T/B lagfa.
ers, leaving the outer T/B hole relatlvely undishzrbed. There=- .
fore, the vulnerable extemal T/B area is reduced to 3 x 107 =5 in /
2.2 .x 10~ 3 ni_ = 1.4 x 10 (avgrage external hole area/gwerage .B/B

hole area) times its previously assumed valué. Tivis affecté the



X

second term in the original P, equation‘and, vhen this elteration

'is carried through the Case 1.t0 3 assumptiona;'gives

L o= —3— x 1140 e
lwl"’ z 0" ) . s . .
= 81,000 T/0 per £1°,

necessary to produce P m'l@wao



SUMMARY OF LARGE PARTICLE V/O CASES

Table 1 summarizes the results of 'the_ four cases presented.

T‘é;ble p 1

Summary of Large Particle V/G Contamination Cases

Asguanptions
5] B .
- © o g _ g 2 Mg
. » .
Case L# Fao | &1 08 [RS8 3 RE &
o ] @ - B M9 g 8 EES
- Q Pt £ o s & 8,5 g4
< g s HEERG te s @8 e
= Q o Q <2 4 B4 Q4> @0 O
o # =] @ LA N A @mg v @<
&.H o K 42 85:695: gz: W&
o Se & Lo 5] & @
© i (] fo 2 (A © B4
B & . -
1 160 X ' X
2 510 1 X . X
3 1,140 - X X X
4 81,000 . X X . . - X

* V/0 per £4% in 200 dsys




the same assumpiions.

21 -

V/0 _SOURCES AND PRCBASLE 200-DAY DEPOSITS

C - ~

The contamnation probability dlscussed in the four cases 5.21

~ this report dependson 'V/O deposition on the T/B surface during i;he

mission. ¥o V/0 stlckmg to.the surface at the start of the mis-

‘sion poses & contamination threat until it is dislodged or freed

from the surface by some impulsive force and subsequently impacts
on the T/B under the influence of gravitational, and possibly elec

%rostaticg fcfcesﬁ

It has been estimated that '.‘LOS‘--I'C)6 V/0s per sguare foot will

_be on the exterior of the vehiéle et launch. This is based on the

expected clea_n—rdom environment, handling, and decontamination

‘prior to launch. Only a portion of these Vv/0s will be loosely de-

posited on the surface. The remainder will be sHuck to the surface

or imbedded in the surface in such a vay that th»wy will not be dls-

lodged during the mission. However, to arrive a%t a conservative

‘estimate of the contamination risk, it is assumed that all of these

V/Os are loosely bound or becoﬁe loosely bound &m‘ing the missicn,

Uslng Case 4 assumpt:,ons, at the lower 111:11%g 105, elgh*cy per«- ‘

cent of the extemal V/O may be released and redeposited on the

c = 10”4., it 'the u,ppvre:z“ limit, 3.06,
‘exgh't percent must be Freed and re&epovited ‘to give Pg = 10“34 vith

surface without e}'cee&lng r

. .



| Since the V/Os start on the vehicle's surface, it is loglcal

to assume that if the vehicle acquires g':charge, the V/0s will 8c=

quire charge of the same sign. Therefore, & charged V/0 from the_
vehicle vill be repelled and lost. If all V/0s were ché.rgeag
therefore, Pg would be essenﬁally zero, since L mmld be ex=

tmmely 10%

However, if all of the freed V/0s are neutrally charged, they

will be attracted toward the vehicle by the associgted gravite=

' tional fields. Assuming a 104 kilogram (22, Q00 1b} total vehicl@

we:ght, a /0 at three meters from the vehicle's C.B. requirea s

“velocity of only 0.67 cm per second to escape from the vehicle's

grevitational field. At lower velocities, & V/O will orbit the

vehiclé or i‘ollcw a ballistic trsjectory across ite surface.

During the mlssion, the base of the spacecmft (opposite the

‘ F/C) mll be pom‘bed towa.rd the Sun. The .solar radiation, particu- :

larly ultravlolet, will sterihze 'this end a.nrl expaged side a.reas

during the mssiono Therefore, the V/Os that pose = threat will

in all likelihood be those that reside on the T/B at the start of

~ the mission. Taking into account ‘such things as' meteoroid end
mid-coursé,‘ maneuvering-induced shock aﬁd vibration levels in the

. 1/B, it appears likely that the majority of freed ¥/0s will pose

sess velocities in excess of. 0.67 cm per second., Therefors, even



et the 10° V/0 per square foot level, it is probable that V/0O con-

tamination through B/B meteoroid holes will not preduce Pc grester

b

then 107" with the Case 4 assumptions. Additionelly, the ability

to guasrantee PC less than lOwh canlbe énh#nced eonsiderably by &
decontamination cycie (such as uv or ET0) on the T/E to reduce the

V/0 concentration on its surface prior to launch.

%



